Are software cost-estimation models accurate? 
R J Kusters, M J I M van Genuchten* and F J Heemstra

sol?ware development, cost estimation, cost-estimation models
The use of a model is one way to estimate a software development project. Dozens of software cost-estimation models have been developed in the last 10 years and today many are on sale. Well known examples of estimation models include function-point analysis, COCOMO, Price, and Estimacs. The evaluation of a number of automated versions of estimating models is the subject of a study carried out by the 'Management of Software Development Projects' research group of Eindhoven University of Technology for the ISA-TMS department of Philips. An important part of this study was an experiment in which 14 project leaders made a number of estimates using two estimation models. The goal was to evaluate two selected models in a semi-realistic situation. The experiment and its results are described in this paper.
SELECTION OF ESTIMATION MODELS
Dozens of estimation models are currently available on the market. Four models were selected on the basis of the following criteria:
• An automated version of the model must be available, up-to-date, and supported by a commercial supplier. • the completeness of the output • the possibility of calibrating the model to its environment • the use of information that becomes available during the development project • the accuracy of the models • the amount to which the known cost-drivers are taken into account • the user friendliness of the models.
Needless to say, the importance of each requirement will vary according to each situation. A distinction was made, therefore, between mandatory and other requirements, and a weighing factor was allotted to each requirement. An extensive report on the theoretical evaluation is given elsewhere ~. Here only the results are given. The BYL and Estimacs package achieved a satisfactory score and met all the mandatory requirements. SPQR and BIS/Estimator did not achieve a satisfactory score and did not meet all the mandatory requirements. SPQR scored unsatisfactorily as regards the mandatory requirement of calibration, as did BIS/Estimator for early applicability.
While a lot of criteria were tested in the theoretical study, clearly requirements like the accuracy and acceptance of the model by the possible, future users cannot be tested theoretically. Thus the second part of the study was undertaken: an experiment that involved 14 experienced project leaders. 
OBJECTIVES
The goal of the experiment was to evaluate some aspects of the models in a semi-realistic situation. The experiments focused on three objectives. The interest was in the accuracy of the models and to determine whether these and similar models will be accepted in practice. Furthermore, could the number of lines of code be used at an early stage of development as a good indicator of the size of the product to be developed. It had to be ensured that it was right to use this as a selection criterion for the models to be examined (see the previous section). Summarized, the objectives of the experiment were:
• to determine the accuracy of the estimate using models in a semi-realistic situation • to determine whether these and similar models will be accepted by project leaders • to determine whether the number of lines of code can be used at an early stage of development as a good indicator of the size of the product to be developed.
EXPERIMENTAL DESIGN
During the experiment, experienced project leaders were asked to make a number of estimates for a project. This related to a project that had actually been carried out. In this project a bonus system was developed for a sales organization. The project was described as if it was a starting project. The description consisted of three pages of text on the organizational environment, the functional specifications, and the goal of the project. Fourteen diagrams were added to this description, which included high-level dataflow diagrams, a diagram of the universe of discourse, the existing systems context (both hardware and software), and some use--create diagrams. The preferable test set-up would have been one in which two different groups used only one package while another group acted as a control group. The size of the various groups would depend on the size of the variance to be expected. As this expected variance would be great, it follows that the size of the group would also have to be relatively large if reliable results were to be obtained. In this respect a total of 50 participating project leaders could be envisaged. Involving the necessary numbers of project leaders would lead to costs that would be out of all proportion to the importance of the study.
The first estimate of the effort and lead-time was made on the basis of the project leaders' knowledge and experience. From now on, this estimate shall be referred to as the manual estimate. Next, two estimates were made using the models selected. These estimates shall be called the model estimates. In conclusion, a final estimate was made on the basis of the project leaders' knowledge and experience together with the model estimates. Each estimate was evaluated directly using a questionnaire, and the experiment ended with a discussion session. The experiment was carried out with project leaders from a number of departments. Fourteen project leaders took part. 
RESULTS
The results of the experiment are described below. First, the results are presented. Next, the quality of the case used is evaluated. Finally, all the objectives of the experiment are considered in succession.
Results of estimates
Here the results of the experiment are presented. As has been seen from the description of the experiment, the 14 project leaders were asked to make four estimates for the 'bonus system' project. The results, i.e., the estimated effort and lead-time, of the four estimates (manual, BYL, Estimacs, and final estimate) are shown in Table 1 . As said before, the project has actually been carried out. The real effort and lead-time were 8 man-months and 6 months, respectively.
The questions that related to the models were also answered by the people who actually developed the system. Put into the models, this yielded the following results:
• effort with BYL:
18 man-months • lead-time with BYL: 7.5 months • effort with Estimacs:
man-months
The difference between the model estimates and reality is remarkable. In view of the system developers' familiarity with the development environment and their complete knowledge of the project, better model estimates would have been expected here. Furthermore, the model estimates of the system developers come close to the average model estimates obtained during the experiment.
Evaluation of case used
Before the results can be developed further, it is first necessary to see whether the case used is of sufficient quality. The participating project leaders were asked several questions on this subject. Asked whether the description gave more or less information than they are used to when making an estimate, 10 of the 14 project leaders said that the description given offered more information than they were used to in their everyday practice. Asked about the subjects on which they would like to 188 information and software technology have more information available, extra information about existing systems was mentioned five times, more information about the organization four times, and more extensive information about the required output of the software to be developed four times. During the concluding discussion the subject of the quality of the case presented was also dealt with. The general opinion was that the case gave more information than usual. Based on these answers, it is concluded that the description of the case was of sufficient quality to be useful in the experiment.
Objectives considered individually
As already mentioned, there were three objectives: to determine the accuracy of the models, the acceptance by possible, future users, and the usefulness of lines of code as an indicator. The results are discussed on the basis of these objectives, using both the quantitative (the statistical material obtained) and qualitative results (the answers to the open questions and the discussion results).
Accuracy
An estimation model must be expected to be accurate, in other words, that the mean and variance of the estimation errors obtained by using the model is small. In the experiment, however, the models were not calibrate& with respect to either the environment in which the project was actually carried out or the environment in which the experiment was performed. The direct comparison of the mean estimate and reality is therefore not enough to judge the accuracy of the models. In evaluating the accuracy of a model in the chosen experimental design the variance of the observations can be considered. The participating project leaders had a similar background. The spread in the model estimates point to the strength or weakness of the models. To be able to judge whether the variance is large or small, the variance of the manual estimate was taken as a reference point. The first conclusion is that the model estimates have not been shown to be poorer than the manual estimates. Looking at the figures, the variances in the model estimates are admittedly not statistically significant, but they are nevertheless lower than those of the corresponding manual estimates (see Table l ). A second conclusion can be drawn on the basis of the remarkable difference between the average estimation results for the BYL and Estimacs models. There is a difference of almost a factor of two, while the variances do not differ much from each other. This again underlines the need for calibration.
Acceptance
Knowing the scepticism of software developers towards cost models, it is important to find out whether they will accept a model as an estimation tool. The project leaders were therefore asked the following questions for the two evaluated models:
• Would you use this model in practice? • If one or more of these models were available to you would you use it or them for estimating software projects?
The answers to these questions are summarized in Table  2 .
The view that the present method of drawing up an estimate was inadequate was virtually unanimous among the project leaders. Even though the quality of the present models was not great, they still considered it advisable to use them as a tool. In the project leaders' opinion, the greatest advantage attainable with such models at present was the possibility of using them as a means of communication or as a kind of check-list: 'The models draw your attention to a number of aspects which you would otherwise have overlooked'. Another advantage was the possibility of ascertaining the sensitivity of the cost-determining factors.
Volume
The question asked was whether the number of lines of code could be used at an early stage of system development as a measure for the volume of the system to be developed. The project leaders were asked to estimate the number of lines of source code of the software product to be developed. Function-point analysis --another method for determining the volume of a product --was used as a reference in the analysis. Both BYL and Estimacs models gave an estimate for the volume of the product, expressed in function points. The Ansari-Bradley-Freund test 6 was used for the comparison: H0: the relative variance of the volume, estimated in function points, is equal to that of the volume estimated in lines of code. H~: the relative variance of the volume, estimated in function points, is smaller than that of the volume estimated in lines of code.
The estimated function points by both Estimacs and BYL were used for the test. In both cases, the zero hypothesis was rejected (~ = 0.05). The statistical material clearly shows, therefore, that lines of code is a poorer estimator for the volume of a product at an early stage of development than an available alternative, namely function points. This conclusion was further confirmed by the fact that only seven project leaders regarded themselves as capable of giving such an estimate of the volume in lines of code and that also during the discussion it emerged that the project leaders had absolutely no confidence in this measure.
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CONCLUSIONS
The BYL and Estimacs models were evaluated in the experiment. The conclusions of the experiment were based on quantitative results and the opinions of the project leaders concerned. On the basis of the differences found between the estimates and reality, it is concluded that it has not been shown that the selected models can be used for estimating projects at an early stage of system development. This conclusion is strengthened by the fact that over half of the project leaders stated that the project description given offered more information than they were used to in their everyday practice. All in all, the participants were not wildly enthusiastic about these packages, but they were nevertheless felt to be useful. If a model is used as a tool it will, in their opinion, mainly be valuable as a check-list and as a means of communication. On the basis of the striking difference between the average estimation results of the BYL and Estimacs models, simply using a model without adapting it to the environment in which it is used will not lead to accurate results. Calibration is essential 7. Now return to the title of this paper. The answer to the question stated is that in this study it has not been shown that the selected models are accurate and can be used for estimating projects. Other studies 8-~° yielded similar results. Despite the flood of publications on software cost-estimation models, the authors are not aware of any empirical study that shows the ability of software costestimation models to predict effort and lead-time of projects accurately. Therefore, they believe that only limited confidence should be put in estimates that are obtained with a model only.
